Joint Inversion of RMT and TEM Data for Mapping Active Faults in Northern Greece  by Widodo, 
 Procedia Earth and Planetary Science  12 ( 2015 )  63 – 67 
Available online at www.sciencedirect.com
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ISEDM 2013
doi: 10.1016/j.proeps.2015.03.035 
ScienceDirect
ISEDM 2013 
3rd International Symposium on Earthquake and Disaster Mitigation 
Joint inversion of RMT and TEM data for mapping active faults in 
northern Greece 
 
Widodo* 
Geophysical Engineering, Bandung Institute of Technology, Jl Ganesa 10, Bandung 40132 , Indonesia 
  
Abstract 
Northern Greece is an area with one of the most seismically active region in Europe. Several earthquakes occurred during 20th century. The 
largest earthquake in recent time with magnitude of 6.5 happened in June 1978. The objective of the presented study is to investigate local 
geological structure and the top of the basement of the Volvi Basin, Northern Greece. The geophysical surveys are carried out using 
electromagnetic methods, Radiomagnetotelluric (RMT) and Transient electromagnetic (TEM). The investigations are limited to near surface 
studies with shallow depth (< 200 m). It is expected that the complex geological structure and the vertical distribution of resistivity layers can 
be defined by RMT and TEM methods. Joint inversion can increase the number of important model parameters and it can also decrease the 
ambiguity of the model. The result of joint inversion was in agreement with assumption as the RMT data are resolved the surface layer at 
depth down to 40 m, and TEM data is small enough to resolve the surface structure (z < 10 m), however it can resolve the deeper structure 
down to 200 m of depth, depending on the resistivity structure. The joint and sequential models can both represent 1-D single inversion of 
RMT and TEM data. The model parameters are well resolved in joint inversion in comparison with the single RMT and TEM inversions. 
Hence, the joint inversion of RMT and TEM data will produce good resolution of model parameters in shallow and deeper parts of fault 
structure. 
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1. Introduction 
The basement of the Mygdonian Basin is composed by gneiss and schist which are located at around 200 m 
depth 1. The Mygdonian valley has a width around 4 km and the maximum thickness of the basin in Stivos 
village is estimated about 180 m 2. It is essential to apply near surface EM studies in order to understand the 
distribution of the active fault and the top of the basement structure of this particular area. 
Combining data from two different methods of RMT and TEM is beneficial because they are complementary. 
The RMT data give information about the top layers, whereas the deeper structures can be resolved by TEM data. 
Combining TEM and RMT inversion was successfully applied on geological and engineering problems in the 
past 3,4. 
Joint inversion can increase the number of important model parameters and it can also decrease the ambiguity 
of the model 5. Hence, the joint inversion of RMT and TEM data will produce good resolution of model 
parameters in shallow and deeper parts of fault structure. 
 
2. Joint Inversion 
 
Joint inversion is a method for inverting two or more data sets from different geophysical methods using the 
same model. Application of joint inversion was introduced by Vozzof and Jupp [1975]5 and first applied by Meju 
[1996]6 for Electromagnetic sounding.  Joint inversion of RMT and TEM data aims to overcome the limitation of 
the individual methods. The joint inversion process of RMT and TEM data are carried out using the EMUPLUS 
program. This program was developed by the Institute of Geophysics and Meteorology at the University of 
Cologne Germany 7. 
The processing scheme of joint inversion implements the second order of Marquardt algorithm using singular 
value decomposition (SVD). Due to increasing value of importance parameters, joint inversion can eliminate 
ambiguity of the individual RMT and TEM methods 5. 
Table 1 contains the results of the single RMT, TEM and joint inversion at borehole in the study area, S1. It 
shows the resistivity of (ρ1, ρ2 and h1) as a result of the individual single RMT, TEM and joint inversions. At 
borehole S1, the resistivity of single inversion of RMT data of the first and second layer (ρ1 and ρ2) are well 
resolved with importance of 0.99. However, the first layer resistivity of single TEM data cannot be resolved with 
importance of 0.09, but it is resolved well by joint inversion (importance of 0.99).  
 
Table 1. Models and importance parameters of single RMT, TEM and joint inversions at borehole S1 
 
 RMT Imp TEM Imp Joint Imp 
ρ1 42.1 0.99 537.72 0.09 82.98 0.99 
ρ2  15.98 0.99 25.71 0.99 28.81 0.99 
h1 1.35 0.99 2.6 0.99 2.8 0.99 
 
Figures 1a and 1b show the data fitting between measured and calculated data of single inversion and joint 
inversion of RMT and TEM data at borehole S1. In order to know the accuracy of the joint inversion model 
derived from data point of RMT and TEM at borehole S1, its results are compared with borehole S1. Generally, 
the comparison between joint inversion model and borehole data S1 has a good fitting (Fig. 1c).  
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Fig. 1. (a) Fitting between measured data of RMT and calculated data of joint RMT and TEM inversion. (b) Fitting between measured data of 
TEM and calculated data of joint RMT. (c) Correlation between joint RMT and TEM inversion with borehole S1. 
 
 
 
Fig. 2.  1D model of joint RMT and TEM inversion on profile 2. The red dashed lines are indicating the boundary of layers. 
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3. Discussion 
In this section, the joint inversion along profile 2 will be described (Fig. 2). The joint model has a resistive 
layer on the depths about 0 to 8 meters at station 49 to 67 of profile 2. These layers is represented by 
metamorphic rock, marly silty sand, with resistivity value more than 100 Ωm. Stations 68 to 75 at the same depth 
and below are indicated by conductive layer namely sandy clay (10 to 30 Ωm). The resistivity distribution 
corresponds to the geological map in which the stations 68 to 75 are located in Holocene deposit (Fig. 2). 
 Stations 49 to 57 and 59 to 74 indicate more conductive layer than first one. This layer is silt clay with 
resistivity of 30 - 50 Ωm. As known from 1-D model of single inversion of TEM and RMT as well as the 2-D 
conductivity model of RMT data, a fault structure is located underneath profile 2. This is also visible in the joint 
inversion model. In the 1-D single models, the continuity of vertical fault structure cannot be clearly known while 
in joint inversion, it can be seen with thickness of 60 m from the surface.  
In order to get a better assessment of the resolution of model parameters, the importance parameters were 
calculated for resistivities and thicknesses 8. The distribution of importance values of joint RMT and TEM 
inversion along profile can be seen in Figure 3. In general, the model parameters of joint inversion can be 
resolved at profile 2 with importance value of more than 0.85. However, the thickness of the last layer (h3) cannot 
be resolved at some stations due to their location on a conductive structure. 
 
 
 
 
 
 
  
 
 
Fig. 3. Importance values distribution of joint inversion along profile 2 
 
  
4. Conclusion 
The joint inversion of RMT and TEM data can decrease non-uniqueness and produce good resolution of 
model parameters in shallow and deeper parts of fault structure.  
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